word count: 239 17 Main text word count: 3636 ABSTRACT 19
INTRODUCTION
activity. Because cysteine (Cys) and histidine (His) residues of CoV nsp5 form a 116 catalytic dyad, any mutation in the catalytic site can disrupt its protease activity (22, 117 35, 36) . Secondary structure alignment showed that residues His41 and Cys144 118 (numbering based on PDCoV nsp5) are highly conserved among the four genera of 119 alpha-, beta-, gamma-, and delta-CoVs ( Fig. 2A) . We further created a homology promoter activity was strongly relieved with overexpression of nsp5 H41A or nsp5 3A, the expression and phosphorylation of JAK1 and TYK2 were not affected by 138 PDCoV nsp5. However, STAT2 phosphorylation was impaired by PDCoV nsp5 after 139 IFN-α treatment and the expression of total STAT2 was reduced ( Fig. 3B ). Thus, we 140 did not exclude the possibility that the weaker band of P-STAT2 in the presence of 141 nsp5 is probably due to the reduced levels of total STAT2. In addition, a slight 142 reduction in endogenous STAT1 expression was also observed (Fig. 3B ).
143
As for the importance of PDCoV nsp5 protease activity in antagonizing type I 144 IFN signaling, we considered whether PDCoV nsp5 cleaves specific molecules.
145
Therefore, nsp5 was transfected into HEK-293T cells, along with JAK1, TYK2, 146 STAT1, STAT2, or IRF9. No cleaved products were detected with JAK1, TYK2, 147 STAT1, or IRF9 cotransfection. However, two faster migrating protein bands were 148 observed by western blot analysis in cells cotransfected with STAT2 and PDCoV nsp5, 149 indicating that PDCoV nsp5 mediates cleavage of STAT2 ( Fig. 3C ). Although nsp5 150 overexpression also slightly reduced the protein abundance of endogenous STAT1 151 ( Fig. 3B ), no cleavage product of Flag-STAT1 in nsp5-transfected cells was detected 152 by an anti-Flag antibody (Fig. 3C ). The nsp5-mediated reduction in endogenous 153 STAT1 expression was not investigated further in this study. PDCoV nsp5, demonstrating the two potential cleaved positions to be Q685 and Q758.
190
To further confirm these cleaved residues, a double mutant (STAT2-Q685A-Q758A) 191 was constructed and cotransfected into HEK-293T cells with PDCoV nsp5. The 192 results showed that STAT2-Q685A-Q758A was resistant to cleavage, confirming 193 Q685 and Q758 to be the two P1 position residues recognized by PDCoV nsp5 for 194 cleavage of STAT2 ( Fig. 5E ). According to previous studies on CoVs, the general substrate recognized by 273 CoV nsp5 was determined to be mainly the P1, P2, and P1′ residues (50, 51). As
274
shown by the analysis of PDCoV nsp5 substrate specificity (Fig. 5A) , the P1 residue 275 was a conserved Q residue and the P2 residue was primarily a leucine (L), which has 276 a large side chain. Additionally, small residues generally occupy the P1′ position. The which shared a large negatively-charged side chain responsible for Q685 cleavage, 281 was unusual. Therefore, the homology model for PDCoV nsp5 in complex with these 282 two peptide substrates was constructed based on the structure of PEDV nsp5 (PDB 283 identifier 4ZUH) to further investigate the changes at the P1′ position between the two 284 substrates of STAT2. The PDCoV nsp5 S1′ subsite is composed of S25, A26, L27, 285 C38, P39, H41, and V42 ( Fig. 7A and 7B) . The model showed that the long side chain 286 of P1′-E fit comfortably in the pocket. Detailed molecular interactions between the 287 two substrates and PDCoV nsp5 showed that the conserved Q at the P1 position was 288 stabilized by two hydrogen bonds with H162 and E165, and the main chain of 289 P2′-residue formed two hydrogen bonds with the main chain of A26 ( Fig. 7C and 7D) . (36, 43, 52) . Our analysis revealed that the S1′ primers (available upon request). STAT2 deletion mutants were also cloned into 326 pCAGGS-Flag. All constructed plasmids were confirmed by sequencing.
327
The luciferase reporter plasmid ISRE-Luc used in this study has been previously 328 described (57). For luciferase reporter assays, HEK-293T cells were transfected with 329 reporter plasmid ISRE-Luc and pRL-TK. Twenty-four hours after transfection, the 330 cells were stimulated with IFN-α (Catalog no. 11101-2, PBL Assay Science) for 12 h 331 at a final concentration of 1,000 U/ml. The lysed cells were prepared and the 332 luciferase reporter assay system (Promega, Madison, WI) was utilized to determine 333 the luciferase activities of lysed cells. The activities were normalized to that of 
